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ABSTRACT

This paper addresses efforts to
provide the capability to transfer
data between Computer Aided Design
(CAD) systems currently in use on the
CG 47 contract. The paper will
discuss experience with the use of

Initial Graphic Exchange
Specification (IGES) and direct
translators. The pros and cons of
both approaches will be addressed.

The issue of transferring data
between the two different hull design
and lofting systems in use in
shipbuilding is explored.

INTRODUCTION

The use of Computer Aided Design
(CAD) is having a major impact on
shipbuilding. NAVSEA, shipyards and
design agents use a variety of CAD
systems to develop design data. In
this multiple vendor environment,
transfer of data between agencies and
even within the same agency having
different types of CAD systems makes
transfer of data difficult at best.
This is due to the fact that the CAD
vendors store data in wunique and
proprietary formats. The ability or
the lack of ability to transfer data
between the different parties has
been called by some the greatest

problem facing the United States
shipbuilding industry today. Ingalls
Shipbuilding, under a CG 49/50
technical improvement contract, is
entering 1400-plus CG 47 detail
design drawings on its CAD systems.
This will result in productivity

improvements for the program, because
of the reduction in time required to

incorporate changes and the
elimination of change paper. In
addition, the quality of the drawing

being delivered to the Navy and the
follow yard will be vastly improved.

The next logical step is to
provide this data in digital form to
both the Navy and the follow yard(s).
This led to a special engineering
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study contract under Class Services
that addresses the ability to
transfer data between the CAD systems
in use at Ingalls Shipbuilding and
the builders of follow ships.

The use of structural design and
numerical control lofting systems
offers unique challenges for
effective data transfer between lead
and follow shipyards. In the case of
the CG program, Ingalls Shipbuilding
uses Ship Production and Design
Engineering System (SPADES) and Bath
Iron Works (BIW) uses AUTOKON., To

facilitate a totally effective
transfer of data, the interface
between the structural systems mnust
be addressed. This would include

transfer of data between SPADES and
AUTOKON and from both to turnkey CAD
systems.

INGALLS CG 47 CLASS SERVICE EFFORTS

Ingalls, under the CG special
study contract, is pursuing the use
of IGES to the maximum extent
possible, plus having direct
translators developed to transfer

data between dissimilar CAD systems.
Other CAD-related efforts being
performed by Ingalls to assist in
transferring and accessing CAD data
are:

1) Developing a SPADES to Calma
translator. This shall provide
the gateway from Ingalls
structural system to the turnkey
CAD systems.

2) Evaluating the use of low-cost
stations to view and modify CAD
created drawings.

3) Conducting a study and developing
detailed specifications on
transferring data between SPADES
and AUTOKON.

Figure 1 depicts the overall
approach and integration of CAD
systems in use on the CG 47 Class
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Service contract. Ingalls is
utilizing Calma and Auto-trol for
loading the 1400 Class Service
drawings. SPADES is utilized for
hull design and lofting on major
changes. Computervision and AUTOKON
are being utilized at Bath. Ingalls
is working with the three turnkey CAD
vendors {Calma, Auto-trol, and
Computervision) on development of
usable IGES translators.

In addition, Ingalls has
Incorporated developing
bi-directional translators
turnkey systems. Advantages
regarding the two different
approaches are addressed later in
this paper. Ingalls has developed
the SPADES to Calma interface. Bath
and Computervision have developed the
AUTOKON to Computervision translator.
Detail specifications for the SPADES
AUTOKON translator have been
developed, and if the two vendors are
funded, a full function, closed-loop
approach to data transfer will be in
place for the CG 47 program.

OCTAL,
three
for the

DATA TRANSFER BETWEEN CAD SYSTEMS

This section addresses the
subject of two-dimensional (2D)
graphics and text data transfer
between CAD systems and is restricted
to interchanges between Calma,
Computervision, and Auto-trol
systems. The vendors of these

systems are actively participating in

the project by reviewing reports
regarding difficulties experienced
with their software applications of
IGES, and Dby coordinating and
forwarding potential sg ion O
resolve the problems. *m
entitled "IGES ProblIem atus
Report," gives a representative

sampling of the types of difficulties
encountered in testing and some of
the resolutions provided by vendors.
It additionally points out that some
of the problems are not presently
addressable and will not be resolved
in the near term.

IGES +testing has also shown that
even in cases where data is correctly
transferred, certain conditions are
encountered that may have an adverse
impact on users. While the use of
standard formats has many benefits,
it cannot account for the differences
in the ways software may be designed.
For this reason, efficiencies in the
relationship between software and
hardware may suffer in some cases.
As an example of this, certain test
cases have resulted in the count of
instances of element +types being
increased three to four times as a
result of conversions. In other
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tests, storage requirements have been
increased dramatically, thus altering
system performance for access times
as well as consideration for hardware
configuration.

From the outset, the principal
emphasis in +this project has been
placed on the transfer of data
through the neutral IGES format.
However, in instances where this
technique was unable to accomplish
complete data transfer, direct
translators will be used. Regardless

of which procedure will be ultimately
employed, it is recognized that
significant testing will be required,
and that the quality and completeness
of the test data will directly affect
the quality of the translation.

Early in the project, test cases
were created or secured to represent
typical cases for the following
systems and modes:

. Calma (Calma native format and
IGES)
. Auto-trol (Auto-trol native

format and IGES)

. Computervision {CV)
format and IGES)

(CV native

Note: CV test cases were
acquired from BIW,
NAVSEA, and CDI Marine

The above cases have been further
supplemented by IGES data obtained

from the National Bureau of
Standards. Data originating from an
Optigraphic scanner processor used
for loading drawings has been
successfully tested through IGES
transfers to both Calma and
Auto-trol. As new releases of IGES

are received, problem test cases are
being reapplied to ensure that
reported solutions actually work. In
addition, transfers have been
accomplished from Optigraphics to
Calma and Auto-trol via direct
translators.

In spite of considerable progress

with IGES, problems with its
implementation still exist to a
degree that makes its usefulness
guestionable in a production

environment today.

In oxder to achieve a rapid and
accurate transfer of data between
systems by whatever means necessary,
ISD has placed an order with Octal,
Inc., of Mountain View, CA, to supply
direct translators intended to
overcome
current shortcomings in present IGES
implementations. These translators



FIGURE 2 - IGES PROBLEM STATUS REPORT

I/R DATE
NUMBER RPTD PROBLEM DESCRIPTION AND RESOLUTION

17424 013087 DAL PROGRAM WHICH DOES A NMD AND THEN
GIVES A NIL FOR THE IGES FILENAME
0202 SUPPORTING DOCUMENTATION SENT
0219 SOFTWARE PR.RPT #002937 ASSIGNED

0223 VERIFIED FIXED BY INGALLS

17432 020287 IGESOUT ON MODEL VLD110211-GOO2 GENS ERR
0202 SUPPORTING DOCUMENTATION SENT
0219 SOFTWARE PR..RPT #002935 ASSIGNED
0223 VERIFIED FIXIED BY INGALLS

17433 021087 IGESIN CAUSES DATA NOT TO BE DISPLAYED.
RDI OR VIEWFIL
0210 SUPPORTING DOCUMENTATION SENT
0219 SOFTWARE PR #002936 ASSIGNED
0223 VERIFIED FIXED BY INGALLS

17609 022587 IC2'S NOT CORRECT AFTER IGES TRANSLATE
0226 SUPPORTING DOCUMENTATION SENT
0318 SOFTWARE PR #003086 ASSIGNED
0318 TESTED BY VENDOR
0506 VERIFIED FIXED BY INGALLS

17610 0225 IGESOUT DOES NOT OUTPUT FRACTIONAL DIM
0226 SUPPORTING DOCUMENTATION SENT
0318 SOFTWARE PR #003087 ASSIGNED
0506 VERIFIED FIXED BY INGALLS

NOTE: The above is a sample of ISD’S Problem Tracking System -
Report #U98830R3



will be inplemented for use between
conbi nations of systems as follows:

Auto-trol to Conputervision

Auto-trol to Calmm

Conputervision to Cal na
ConputerVision to Auto-trol
Calma to Conputervision
Calma to Auto-trol

A trip was nade to the OCctal
of fices to revi ew progress.
Satisfactory results are  being
achieved by the vendor. In fact, the
initial offerings for the Auto-trol
to Computervision case has progressed
to the point that a transfer of live
data between Ingalls and BIWis in
the process of being tested.

STRUCTURAL DEFI NI TI ON SYSTEMS

This task defined the requirenent
to develop the specifications for a
software interface between the two
maj or structural definition systems
in wuse in the shipbuilding industry:

Aut okon, a widely used system
throughout the world, supported by
its authors in Gslo, Norway; and Ship
Production and Design ngi neering
System  (SPADES), . mar ket ed and
supported by i and Associates in
Metairie, Louisiana. One of these
two systens is licensed for use by
every major shipbuilder in the United
States.
Fol | owi ng Navy approval ,

representatives from AUTOKON and Cali
& Associates began a series of
working sessions to define all
geormetry and data residing in both of

the current data bases. Aso, known
shortcomings, as well as data
expansions, were considered in the
design of the transfer. A philosophy
of using a neutral file was
i npl enent ed Wit h both parties
agreeing to producti ze their
respective pre- and post-processors
should the specified software be

eventual |y devel oped.

The contracted specification has
been devel oped and has been revi ewed

by 1D t has also been forwarded
to the Navy-Industry Digital Data
Exchange Steering Committee working
group. Wile some of the people

involved in this activity have stated
a preference for the use of |CES
rat her than the neutral file
specified, the consensus is that the
docunent is presently t he nost
conplete picture of structure data
el ement definitions for shipbuilding
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avai | abl e todav, and it wll be
adopted as the basis for future
structural work by the Navy-Industry
group. There is also an admssion
that while the IGES preference does
exist, it is not presently known that
IGES will successfully handle all of
the data types required. Mst of the
shipbuil ders surveyed readily agree
that devel opnent of the software is a
wor t hwhil e  endeavor and will benefit
many U S. shipbuilders regardless of
the neutral file used.

LOW ORDER CAD DEVELOPNMVENT PRQIECT

In recognition of the fact that
the uses of CAD extend past those of
initial design data creation, |SD has
taken steps to investigate the uses
and vendors of systens we refer to as

Low Order CAD. Low Order CAD is a
term intended to connote a |less
capabl e design sof t war e t ool
available on a less expensi ve
hardware platformthat nay address
requirenments of a less conplex
nature. In other words, you pay
less, you get less, but you need
less! 1Ingalls has forned a team of
experienced CAD personnel to full

eval uate the cost-effectiveness o
aﬁpl ying Low Order CAD to disciplines
that support | ead-to-follow vyard
functions with such products as
sketch generation, proposed change
configurations, eval uations of
graphic alternatives, and preparation
of t echni cal illustrations and
manual s.  Witten requirenments have
been developed and furnished to
prospective vendors, descri bi ng
functionality mandat ory in their
offerings. Anmong these requirenents
is the ability to communicate with
the systemon which the data is
originally defined.

Ingall's has al ready eval uated
nunerous software packages on several
hardware platforns and is convinced
of the potential to apply this type
of technology to reduce costs.

SPADES TO CALMA TRANSLATCR
The SPADES to Cal ma transl ator

has been developed to address the
common shortcomng of all present CAD
vendors: the ability to efficiently
define the common  shipbuilding
structural characteristics into a
database to be used as the basis for

distributed systens design.
has devel oped this software for the
two systems in question and has
denonstrated the val ue of defining
data only once and being able to use
it for multiple purposes, i.e, desi Pn
and the creation of nurerical 'y
control | ed. i nstructions for
manuf act uri ng.

Ingall's



The Ingalls process involves the
extraction of data from the |BM
mai nframe that processes the SPADES
software and formats it for use in
the Apollo ring network that services
the Calma workstations. Figure 3,
SPADES to Cal ma Process Flow, depicts
the functions involved in the
transfer process and defines t he
environnents in which they take
place. The entire process may be
performed by an operator at an Apollo
wor kst at i on. The basic activity is

the extraction of data from the
| B housed data  base, which is
processed t hr ough a pr ot ocol
converter to t ake care of

dissinmilarities in comruni cat i ons
features. The data is then noved via
tel ephone line to a program runni ng
on an Apollo, which converts SPADES
surface data and associates mteri al
data and other intelligence with
appropriate structural nembers. The
data is then organized and stored in
an Apollo directory. It can then be
accessed for construction of a

structural product ndel format for
use in system design. [Figures 4 land
5 are exanples of data cases which

have been successfully transferred by

the processes shown in|Figure 3. |

THREE DI MENSI ONAL TRANSFER
SPECI FI CATI ONS

The efforts documented in the
SPADES to Cal na translator and in the
specifications for the hi-directional
transl ator between SPADES and AUTOKON
give detailed requirenents at a data
el ement level for a three-dinensional
transfer for shi pbui | di ng hul |
structure. This structural data
conprises the vast majority of data
available in digita form in the
maj ori tP/ of today' s ship design and
shi ﬁbui ding prograns. VWil e much
wor is being done by other
industries wth sinilar problens to
t hose of shipbuilding for disciplines
such as piping, “electrical, and
ventilation design, Ingalls intends
to actively pursue the transfer
i ssues for design data, so that when
such data does exist on a significant
scal e, means may exi st to
beneficially exchange it as needed.

CONCLUSI ONS

It is technically feasible with
current technology to transfer data
between dissimilar CAD systens .

Currently the nost effective approach
is through the use of direct
translators. This should not detract
fromefforts to force the CAD vendors
into  devel oping cost effective,
reliable IGES and in the future
Pr oduct Definition Exchange
Specifications (PDES) translators.
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| GES and PDES shoul d be pursued to
the maxi mum and the Ingalls and

PM5400 efforts have greatly assisted
in this task. Low cost workstations
have a place in a network of high

performance CAD workstations and can
perform low | evel drafting functions
and serve as “view only” termnals.

It is technically feasible to
develop an interface between two
structural design and |ofting systens

SPADES and AUTOKON) . Thi s
evel opment effort should commence as
soon as funding can be obtained.
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FIG. 3: SPADES - CALMA PROCESS FLOW
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